Glaser and associates ( 1 ) reported that the ratios RNA to DNA and uracil to thymine were about 2.5 times higher in bone marrow from pernicious anemia (PA) patients before treatment than in bone marrow from normal subjects. Clinical cures caused these ratios to return to normal. Beck (2) has reviewed the evidence that the major consequence of vitamin B12 deficiency is impaired deoxyribonucleotide synthesis, resulting in retardation of DNA synthesis and cell division.
Glaser and associates ( 1 ) reported that the ratios RNA to DNA and uracil to thymine were about 2.5 times higher in bone marrow from pernicious anemia (PA) patients before treatment than in bone marrow from normal subjects. Clinical cures caused these ratios to return to normal. Beck (2) has reviewed the evidence that the major consequence of vitamin B12 deficiency is impaired deoxyribonucleotide synthesis, resulting in retardation of DNA synthesis and cell division.
He suggests that the megaloblast of vitamin B,2 deficiency is in a state of "unbalanced growth" that is analogous to the filamentous forms of Lactobacillus leichmannii produced by vitamin B,2 or deoxyribonucleoside starvation. However, observations of the effect of vitamin B12 on morphology of megaloblasts in suspension cultures have been contradictory. At least five studies reported no effect, whereas two investigators found some replacement by normoblastic cells (3) .
Two investigations have tested the effect of vitamin B12 in vitro on DNA synthesis by PA bone marrow. Thomas rimidines and purines. We thus measured the effect of vitamin B12 on incorporation of cytidine-2-C14 and adenine-8-C14 by PA bone marrow. To evaluate the specificity of any stimulation or inhibition, we also measured the effect of B12 on incorporation by nonmegaloblastic, hyperplastic erythroid marrows from hemolytic anemia.
METHODS
Seven to 10 ml heparinized bone marrow were removed by sternal aspiration from patients with untreated pernicious anemia or with hemolytic anemia (HA). Marrow from PA Patients 1 to 3 was passed through a wire screen attached to a syringe. This procedure was discontinued because of loss of marrow particles during manipulation. It was found that the marrow could be dispersed with a glass rod after delivery into a flask. Enough Robinson's glucose-salts medium (6) was added to give a total of 12 ml (or 18 ml with PA Patient 5). Samples of 3.0 ml were pipetted into 20-ml Warburg vessels containing 0.1 ml radioactive precursor and 0.05 ml vitamin B,2 (hydroxycobalamin)' or saline. Samples in the various experiments contained 1 to 3 X 10' nucleated cells. The vessels were shaken for 2 hours at 380 C under an atmosphere of 95%o air: 5% carbon dioxide. They were then removed to an ice bath, and subsequent operations were carried out at 3°C. Contents of the vessels were centrifuged 10 minutes at 1,470 X g, and the supernatant fluid was discarded. The cells were washed with 10 vol of cold nonradioactive Robinson's medium, once in cytidine incorporations, and twice in adenine incorporations where cellular acid-soluble adenine was to be isolated. The washes were discarded and the centrifuged cells were extracted with three 3.0-ml portions of 0.2 M perchloric acid.
Purine and pyrimidine bases were isolated, purified, and measured for radioactivity as previously described (6) . Differences in the present study were as follows.
After separation of RNA and DNA fractions from cytidine incorporations, the RNA supernatant fluid was taken to dryness in a vacuum desiccator and hydrolyzed with 70% perchloric acid as described for the DNA precipitate. After hydrolysis, perchlorate was removed by (Table III) . This experiment, however, was not entirely satisfactory, since one of the duplicate samples with B12 was destroyed during a laboratory procedure. Results thus represent two control flasks and one flask with B12.
To demonstrate in another way that the failure of B12 to stimulate incorporation by HA cells suspended in glucose-salts medium was not owing to lack of plasma factors, another marrow sample from HA Patient 4 was washed in glucose-salts medium and then suspended in plasma from the marrow aspirate of PA Patient 6. However, 5 mpg vitamin B12 still did not stimulate incorporation by these HA marrow cells (Table III) . DISCUSSION In seven tests with PA marrows incubated in PA serum for 5 and 10 hours, Thomas and Lochte reported that 10 and 100 mpg B12 per ml stimulated the incorporation of formate into DNA 1.3 to 2.7 times. However, in one experiment these workers obtained the same stimulation (1.4 times) with 1, 10, and 100 mpg B12 per ml. Moreover, they reported that the addition of B12
to PA marrow incubated in normal serum produced no significant increase in DNA synthesis. These data indicated that the level of B12 in normal sera might exert a maximal effect.
The amount of B12 added in our experiments, 1.7 mug per ml, is about twice the highest level to be expected in plasma from normal and HA subjects. With six PA marrows (five suspended in their own plasma and one washed and suspended in glucose-salts medium), incorporation of adenine and cytidine into DNA adenine and thymine, respectively, was increased 1.2 to 1.8 times by this low level of added vitamin. Thus, we have confirmed the stimulation of incorporation into DNA with B12 reported by the above workers and have shown that this effect occurs with both pyrimidine and purine precursors. Moreover, the present work has demonstrated that incorporation into RNA is not stimulated, at least when measured after the 2-hour incubation period. With the one marrow tested, 17 mug B12 per ml caused a greater stimulation of incorporation into DNA than did 1.7 mug per ml, but yet no increased labeling of RNA. We have not attempted to test the hypothesis that vitamin B12 participates in the conversion of ribonucleosides (or ribonucleotides) to deoxyribonucleosides (or deoxyribonucleotides). Adenine and cytidine were chosen as radioactive precursors because they were readily incorporated into both RNA and DNA of bone marrow incubated under conditions similar to those used in our studies with human white blood cells (6, 9) . Barker (10) has reviewed evidence that cobamide coenzymes are the active forms of vitamin B,2 in three enzymatic reactions occurring in some microorganisms. One of these, the methylmalonyl isomerase reaction, also occurs in animals. Either a coenzyme form of B12 is not required to stimulate in vitro DNA synthesis by megalo-blasts, or these cells can convert hydroxycobalamin to coenzyme B12. Evidence of the local action of B12 in vive has been given by Horrigan, Jarrold, and Vilter (11) , who demonstrated that direct instillation of cyanocobalamin into the marrow cavity -of one iliac crest induced local transformation from megaloblastic to normoblastic proliferation without causing changes in the opposite iliac crest.
Added B12 did not stimulate incorporation by washed HA cells suspended in a glucose-salts medium or in PA plasma. Evidently, the intracellular protein-bound B12 in these nonmegaloblastic cells is sufficient for maximal incorporation under our in vitro conditions.
The 
SUMMARY
Five pernicious anemia bone marrows were incubated for 2 hours in their own plasma diluted with a glucose-salts medium, and one in glucosesalts medium alone. Added vitamin B12 (hydroxycobalamin), 1.7 mjug per ml, stimulated the incorporation of adenine-8-C4 and cytidine-2-C"4 into DNA bases but not into RNA bases. Addition of this level of B12 to hemolytic anemia marrows, incubated in their own plasma, pernicious anemia plasma, or glucose-salts medium did not stimulate incorporation of cytidine-2-C1' into either RNA or DNA.
